abstract the aim of the study was to assess the effect of allowing racehorses to use paddocks, on the heart rate (hr). hr was used as a measure of horses' psychosomatic response to environment effect. the study involved 90 purebred arabian horses divided into three groups of equal numbers of stallions and mares. the control group (C) was trained at the racetrack. the other two groups were trained in an off-the-racetrack centre and therefore, they were regularly transported to the races. one of those groups (t) was maintained in the same manner as horses at the racetrack, without access to paddocks. horses from the other group (tp) were additionally released into a paddock every day. Each horse was examined within five three-week measuring periods, during one training season. hr was registered at rest, during saddling, and while walking with a rider. a multivariate analysis of variance (ANOVA, GLM) was used to compare HR. The significance of differences between means was determined using tukey's test. hr registered from 2nd to 5th measuring periods during saddling and walking was generally lower in tp than in C. for example, in stallions during saddling, hr amounted to: 54.4±14.7 vs 65.3±12.1, 53.2±13.5 vs 64.4±13.1, 55.4±12.2 vs 65.0±11.0 and 53.4±14.0 vs 66.5±13.8 beats/min, respectively. in t stallions and mares, hr tended to increase when the transportation began which was particularly pronounced at rest. the study revealed that the possibility of turnout into paddocks reduced hr in racehorses, in comparison to horses trained at racetrack. training for horse racing in an off-the-racetrack centre with the use of paddocks was assessed as beneficial, provided the horses were used to being transported. key words: heart rate, purebred arabian racehorses, training, welfare Horses involved in a race training routine are exposed to many stressful stimuli (Mills et al
logical balance of a horse (Mircean et al., 2008; Vatistas et al., 1999; Irvine and Alexander, 1996; Art and Lekeux, 2005) . The exercise, however, cannot be eliminated. For this reason, the influence of other negative factors should be controlled (Evans, 2003) . Through such an evaluation, at least some of these factors or their effects may be mitigated (Leiner and Fendt, 2011) . One of the most common approaches to evaluating the horse psychosomatic response to environment effect, is the measuring of heart rate (HR) (Rietmann et al., 2004; Jansen et al., 2009; Visser et al., 2002) . The increase in HR was reported in horses moved to new training centre (Janczarek and Kędzierski, 2011 b) . According to Janczarek and Kędzierski (2011 c) , even keeping the stallions and mares in the same stable resulted in a marked HR increase. Exposure of horses to novelty and just expectation of novelty also increased their HR (Janczarek and Kędzierski, 2011 a). Moreover, the exposure of racehorses to new objects caused a decrease in the gallop speed (Hada et al., 2003) . Thus, racing horses exposed to stressful situations showed lowered performance.
In addition, the commercialisation of racecourses contributes to the creation of living conditions for horses which are completely inconsistent with the biology of this species (Chaya et al., 2006; MacTaggart et al., 2010) . Keeping a racehorse in a box for most of the day results in restriction of freedom of movement which can trigger stereotypy (Henderson, 2007 ). An unfamiliar environment, isolation, and short feed intake, can also increase the risk of stereotypies (Waters et al., 2002) . Therefore, some researchers (e.g. Evans, 2003) and trainers (Del Castillo and Schwartz, 1997) believe that the welfare of the racehorse could be improved by training horses at offthe-racetrack training centres. In these small training centres, an individual approach to the animals is increasingly appreciated. Training horses in off-the-racetrack centres may prove to be very beneficial, despite the need to transport the horses to the racetrack (Kutte, 2012). The transport seems to be an important factor, directly influencing the physical and mental fitness of horses, including HR increase (Fazio et al., 2008; Schmidt et al., 2010 a, b) .
A hypothesis has been put forward that releasing the horses into paddocks may cause beneficial results. It is believed this activity may not only reduce the negative consequences of transport, but may also help in alleviating the challenges of training and competing in the races. The positive effects of releasing the horses into paddocks were described by Werhahn et al. (2012) . These authors have pointed out that paddocks are currently the only possibility for the horses to practise any social interactions. Social interactions are an essential part of natural animal behaviour and they are of great importance for a horse's positive well-being.
The aim of this study was to perform a comparative analysis of HR as a physiological parameter that indicates the psychosomatic response of racehorses maintained at a racetrack or at a training centre with access to paddocks.
material and methods
The study was supported by the Polish National Centre for Research and Development (grant number 180061) . Animal care and experimental procedures were in accordance with European Commission Regulations on the Protection of Experimental Animals and were approved by the Local Ethics Review Committee for Animal Experiments.
The study lasted from 1st March to 31st October and it covered one racing season. It was conducted in a racing stable at the racetrack, and in an off-the-track training centre, 200 km away from the racetrack. HR was registered for each of the horses in five three-week measuring periods in March, April, June, August and October (1st to 5th measuring periods, respectively). Training (training-only cycle) took place in the first two periods, and the next three periods included both training and races (the race-training cycle). During the race-training cycle, each horse participated in a race at least once a month. The three-week length of the measurement periods was assumed to standardise the measurements within the training-only and race-training cycles and to omit the periods of races. In the periods of races, T and TP horses could have been influenced by a fatigue after races and transport. The results collected from the three groups in the 1st measuring period were treated as the baseline results.
horses Ninety Purebred Arabian stallions and mares were included in the study. At the start of the study, they were between 31 and 33 months old. The horses were clinically healthy and did not show any stereotypies like crib biting, weaving, aggressive behaviour etc.
The animals were divided into three equal groups. The control group (C) was trained in Służewiec Horse Race Track (Warsaw, Poland). The other two groups were trained in an off-the-racetrack centre. Therefore, they were regularly transported to the races. One of those groups (T) was maintained in the same manner as horses at the racetrack. Horses from the other group (TP) were additionally released into a paddock every day. Each group contained an equal number of stallions and mares. In the stables, T and TP horses stayed together, however boxes of TP horses were neighbours of each other.
Before and during the experiment, the horses were fed and cared for in accordance with the standards set for racehorses (Landers, 2006) . The horses were brought to race stables three months before the study. In this time, the horses were acclimated and then trained to be saddled and ridden. The horses were housed in box stables of similar parameters (dimensions of boxes: 3.5 m × 4 m). The training procedure used for all the horses was identical. It was developed and monitored by the same trainer. The training sessions lasted about 30 minutes and were performed in the mornings, six days a week. The training sessions were usually identical and only a few sessions before a race the training intensity was individually matched. After the training session, the horses were directed to an automatic horse walker and walked for 30 minutes. Then, they returned to their boxes. C and T groups stayed in boxes until the next training. The horses from group TP were released into a paddock every afternoon for 60 minutes. The mares were pooled into paddocks of approximately 800 m 2 area in stable groups of five familiar individuals. The stallions were released individually into small yards of about 220 m 2 area. The yards were located near each other and separated by strips of land with a width of 3 m, so the stallions could only see and hear each other but they were not able to touch. The commercial trailer used for transportation of T and TP horses had six single compartments (six horses per load). It was driven by always the same driver. Feed and water were not available during transportation. The horses were tied in single compartments facing forward to the direction of travel. The 4-hour journey took place in the morning (around 5:00 am), on the day in which the horse participated in a race. Just after races, in the evening, the horses were transported back to their training stable.
hr measurement Polar S810 devices with 5 s recording intervals were used for measuring the HR (beats per minute, bpm). An elastic belt with the transmitter was put around the chest of the horse. The data were downloaded from the transmitter to the computer with the use of an interface. PolarProTrainer 5.0 software was used to analyse the HR recordings.
HR was registered at rest, during saddling, and while walking with a rider. HR at rest was measured 6 to 10 min after attaching the elastic belt around the chest, when the horse was in its box. Next measurement was taken still in the box, when the horse was tentatively cleaned and saddled, until the girth was attached. HR during the walk was measured as soon as the horse under the rider left the stable. Each measurement lasted 5 min. The saddling and walk prepared the horse to training gallop on the track.
racing performance estimation
Two following parameters were used as racing performance indicators: individual success coefficient (ISC) and handicapping weight (HCW). ISC means total amount of money earned by the horse divided by the average amount of money earned by all horses of the same age. When the ISC value is higher than 1.00, it means the horse's racing performance is better than that of the average horse. Similarly, when the ISC value is less than 1.00, the horse performs worse than the average racehorse. HCW was assumed according to the handicapping system announced at the end of the racing season (www.pkwk.pl, 2014).
statistical analysis
The data were checked with regard to the normality of distribution at P≤0.01 (Tests: Shapiro-Wilk, Kolmogorov-Smirnov, Cramer-von Mises, Anderson-Darling).
The tests did not reject the normal distribution hypothesis. A multivariate analysis of variance (ANOVA, GLM) was used to compare HR values as well as the racing performance parameters. In the analysis, the experimental group (C, T and TP), horse sex (stallions and mares), and interactions between the factors were taken into account. Results of consecutive measuring periods, separately for stallions and mares of the same group, were compared using repeated measures analysis of variance (Little et al., 2002) . The significance of differences between means was determined using Tukey's test. Statistical significance was accepted at the level of P≤0.05.
results
HR in stallions in C group did not differ significantly in subsequent measuring periods (Figure 1 ). In T group, a significant increase in HR was reported in the 3rd period and a decrease of this parameter was seen in the 5th period. In TP group, the stallions' HR during the 5th period was significantly lower than in the 1st period. After the race-training cycle began (3rd period), the highest HR was found in stallions from T group compared to C and TP. During the 5th period, the lowest HR was found in stallions from TP group. 1, 2, … 5 -the measuring periods; a, b -group means marked with different letters within a measuring period significantly differ at P≤0.05; * -group means marked with asterisk significantly differ (P≤0.05) from respective means in the 1st measuring period. There was a gradual decrease in HR in mares from C group in subsequent measurements (Figure 1) . The results of the 1st period were significantly higher than those of the last three periods. In mares from T group, the highest HRs were noticed during the 3rd and 4th periods, and the lowest during the 5th period. In mares from TP group, the results obtained during the 5th period were lower than those during the 1st period. In comparison to mares from C group, mares from T and TP groups had lower HR at the 1st and 2nd measuring. The beginning of race and transportation period led to a significant increase in HR only in mares from T group (the 3rd and 4th periods).
1, 2, … 5 -the measuring periods; a, b -group means marked with different letters within a measuring period significantly differ at P≤0.05; * -group means marked with asterisk significantly (P≤0.05) differ from respective means in the 1st measuring period. During saddling, HR in stallions from C group did not significantly differ during successive periods compared to the 1st period (Figure 2) . Similarly, no differences were found for T group, except for a significantly lower result at the 5th recording. In TP group, HR was significantly lower in the 2nd, 3rd and 5th periods than in the 1st period. In comparison to the results obtained in stallions from C group, HR in stallions from T was significantly lower at 5th measuring, whereas the results in TP group were lower in the 2nd period compared to the 5th period.
The period of measuring did not influence the results in groups of mares studied during saddling (Figure 2) . The results of HR registration in mares from T group were lower than in C during the 2nd, 4th and 5th periods of the study. Similarly, TP results were generally lower than in C, except for the 1st measuring.
1, 2, … 5 -the measuring periods; a, b -group means marked with different letters within a measuring period significantly differ at P≤0.05. There were no significant differences in stallions and in mares, in subsequent periods of HR measuring during walking with a rider compared to the 1st measuring period (Figure 3 ). The highest HR values when walking were observed during the first two measurements in stallions from C group (Figure 3) . For the next three periods, HR in stallions from TP was significantly lower than in C group. HR values in mares from C group studied during walking were significantly higher than in the other groups (Figure 3) . Only during the 4th period, HR of mares from C group, still the highest and significantly different from TP, did not differ from T. During the 5th period, the lowest HR values were found in mares from T and TP groups.
Mean number of races that the horses participated amounted to 7.21 ± 0.83 and did not differ significantly between the groups. For all the tested horses, ISC was 2.58 ± 0.68 and HCW amounted to 66.88 ± 9.00. In none of the examined cases differences between the racing performance of the horses were significant.
discussion
The results of the analyses of horse HR indicate that the place of training, transportation to the races as well as the releasing of the trained horses into the paddocks are the factors significantly affecting the physiological state of the animals. The comparison of horses kept in the racetrack with the horses kept in an off-the-racetrack centre is particularly interesting. It seems that the resting HR is a parameter that can indicate a physiological reaction of horses kept in different conditions. It turned out that off-the-racetrack training sessions and releasing the horses to paddocks were probably enough to lower this parameter. During the training cycle, the resting HR values in both treatment groups were significantly lower than those obtained in C group. These lowered HRs were especially visible in horses provided with an access to paddocks. The effects of releasing the horses into paddocks were discussed by Werhahn et al. (2012) , who claimed that access to a paddock positively affected the horses' behaviour in a stable, and also during training.
An increase in HR was observed from the time the horses began to be transported to the racetrack (i.e., race-training cycle) in both treatment groups, particularly in T at rest. The increase may be associated with the effects of being transported. Wehnert et al. (2008) and Stull and Rodiek (2000) suggest that transport stress in regularly transported horses may even appear in anticipation of the event. Thus, it was not surprising that we obtained elevated HRs in treatment groups of the horses.
Next, we wanted to examine how many measuring periods it took, after systematic transportation of horses had begun, for HR at rest to return to the level from before race-training cycle. According to our outcomes, the negative impact of this factor was clearly noticeable and present for a longer period of time in mares in T group. T stallions were characterised by higher HR than HR recorded prior to the beginning of being systematically transported only in the 3rd measuring. However, the horses which had access to paddocks, had lower HRs during 3rd and 4th measuring periods than horses from T group which were maintained in the off-the-racetrack centre without access to paddocks. It means that TP horses which used paddocks, better accepted the fact of being regularly transported than horses from T group. The horse's ability to adapt to being transported was investigated by Shanahan (2003) and Schmidt et al. (2010 b) . They reported lowered response of sympathetic nervous system activity in horses which were used to travelling. Summing up, keeping horses in the off-the-track centre is a better solution, provided the negative influence of being regularly transported is overcome. It is also interesting that in TP group, i.e. the horses released into the paddock, HR was lower, and the HR decline in consecutive periods was more and more pronounced. In the 5th measuring period, HR was the lowest in the treatment groups. Based on the analysis of the resting HR, we suggest that access to a paddock may lower the psychosomatic response of horses which were regularly transported.
Slightly different results of HR during saddling and walking compared to HR at rest, were probably due to the fact that the horses associated saddling and walking with their daily training routine, and not with being transported to the racetrack in the near future. A similar opinion was expressed by Janczarek and Kędzierski (2011 a), who reported lowered HR in horses when the horses stopped awaiting a task.
A positive influence of maintaining horses in an off-the-racetrack centre was also visible in HR during saddling, especially in mares. In stallions, HR during saddling was lowered only in TP group in the 2nd to 4th measuring periods, compared to C and T. However, nowhere was HR significantly higher in treatment groups than in C group. It means than during saddling, the horse did not anticipate travelling. It is known that HR increases when in contact with a human, e.g. during pre-training activities (Janczarek and Kędzierski 2011 b; Hada et al., 2003) . However, access to paddocks decreases HR response to these activities, especially in stallions.
Analysis of HR measured during walking indicates that being maintained in an off-the-racetrack centre is beneficial for horses. However, access to paddocks in TP did not decrease HR in comparison to horses from T group. In the authors' opinion, during walking to a training track, the horse anticipates training session. On the race track, many horses are trained in the same time. They trot and gallop with various speeds, and in different directions, therefore, this situation can increase the emotional arousal of a horse. In the off-the-racetrack centre, horses are trained in small groups and therefore, they are calmer.
Finally, we decided to figure out how the analysed factors affected the career of the racehorse. No significant racing performance differences were detected between the experimental groups. Keeping horses in off-the-racetrack centres should not negatively affect racing performance. Considering the lack of similar research studies, it is hard to discuss our results.
To sum up, it can be stated that racehorses trained in off-the-racetrack centre, showed an increased HR only at the beginning of the regular transportation period (race-training cycle). The increased HR is possibly associated with more intense psychosomatic arousal, which seems to be the strongest in the moments associated with an imminent journey. Therefore, it is also a good idea to get the horses used to being transported before the racing season. Schmidt et al. (2010 b) suggest that getting the horses used to being transported before the racing season ensures a lack of increased stress reactions of various origin.
Conclusions
Keeping Purebred Arabian racehorses in an off-the-racetrack training centre resulted in a better psychosomatic state of the animals assessed with HR than keep-ing them stationed at the racetrack, excluding the period after beginning the regular transporting of the horses from the centres to the racetracks. Then, the horses were still likely acclimating to transportation.
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